THE necessity for the presence of some muscular connexion between the auricles and ventricles in the mammalian heart was first maintained by Gaskell [9]. The presence of a bundle of muscle connecting the auricles and ventricles was shown by Kent [15], His [11], Retzer [22], and others, but a more complete description of this bundle has been given by Tawara [25], and confirmed in the main by.Keith and Flack [14] . According to these workers a network of special musclefibres is present in the auricular walls culminating in a. nodal point in the interauricular septum. From this point the muscle-fibres pass down through the auriculo-ventricular ring, and divide in the interventricular septum into two, one group for each ventricle, the fibres subsequently become Purkinje's fibres and end in the subendothelial tissue [21] . The bundle contains no nerve-trunks, but it contains ganglion cells and abundant nerve-fibres [27] . Ludwig and his pupils first showed that the isolated ventricle of.the mammalian heart can beat with an independent rhythm. Wooldridge [28] found that by looping a cord round the auricles and applying pressure he could separate functionally the auricles from the ventricles, and that on removing the ligature the auricles and ventricles had assumed an independent rhythm. Tigerstedt, and Roy and Adami [23] produced the same effect. Clamping the bundle in living animals as performed by Erlanger and Hirschfelder [5] and von Tabora, results first in a MY-13 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from
, and others, but a more complete description of this bundle has been given by Tawara [25] , and confirmed in the main by.Keith and Flack [14] . According to these workers a network of special musclefibres is present in the auricular walls culminating in a. nodal point in the interauricular septum. From this point the muscle-fibres pass down through the auriculo-ventricular ring, and divide in the interventricular septum into two, one group for each ventricle, the fibres subsequently become Purkinje's fibres and end in the subendothelial tissue [21] . The bundle contains no nerve-trunks, but it contains ganglion cells and abundant nerve-fibres [27] . Ludwig and his pupils first showed that the isolated ventricle of.the mammalian heart can beat with an independent rhythm. Wooldridge [28] found that by looping a cord round the auricles and applying pressure he could separate functionally the auricles from the ventricles, and that on Dixon: Auriculo-ventricular Bundle condition described as diminished conduction by the fibres, in which only some impulses are transferred from the auricles to the ventricles; with the application of greater pressure it is said to be possible to induce complete heart-block. Kronecker [16] , and his pupils Imchanitzky [12] and Paukul [20] , have obtained contrary results: the latter observer believed that he had ligatured the bundle in the rabbit without disturbing the co-ordination between the auricles and ventricles, and conversely that he had interrupted conduction without touching the bundle. Further experiments brought forward by Kronecker and his pupils with the object of proving that this muscle cannot be essentially conductive in character are considered later. Experiments mnade upon the isolated heart in which the bundle was incised have been recorded by Biggs [1] on the rabbit's heart, and by Cohn and Trendelenberg [2] on the rabbit, cat and dog.
METHOD.
The experiments 1 were performed on adult rabbits. These were killed by pithing and bleeding, and the excised hearts were perfused with a Ringer-Locke solution. Experimental procedures were not adopted until the heart had become regular, and had continued to beat well for half an hour or upwards. Hooks were then fixed to the apex of the left ventricle and to the right auricular appendix, and connected to levers arranged to write exactly over one another on a smoked surface; an incision was made in the upper part of the right ventricle, and this carried up to the base of the heart. The incisions must be extended if necessary, until the bundle can be defined clearly with the naked eye, the distribution of the bundle varying considerably in different hearts. When the bundle was cut across the ijacision was made with fine scissors at the upper edge of the muscular part of the septum in a direction running downwards and backwards. It is essential that the bundle be divided as high up as possible, that is, before it divides, and without injuring the cusps of the aortic valve. Sometimes the bundle divides early, and in these it may be extremely difficult to cut efficiently above the bifurcation, because the section must be made high up in the interauricular septum, and this is rendered dangerous by the close proximity of the aorta, which may be accidentally injured. The amount of tissue which must be cut through if Therapettical and Pharmacological Section the exact spot is chosen is very small, certainly not more than 2 mm. or 3 mm. The bundle of the rabbit is much more difficult to cut completely than that of many higher mammals, dogs, goats, monkeys; the strands of these unite in a common mass instead of dividing prematurely.
INCOMPLETE SECTION OF THE BUNDLE.
To obtain a typical heart-block it is of the utmost importance that the auriculo-ventricular bundle should be severed before it divides to supply the two ventricles. If the bundle is cut a little low the commonest type of effect' is one in which the ventricle stops beating from 10 seconds to 60 seconds. It begins to beat again, at first slowly, but quickly regains speed until a partial recovery takes place, often to a 2: 1 rate. A third and second cut in about the same position produce a similar type of effect, though generally more pronounced. In these cases of incomplete section auriculo-ventricular arhythmia is not a marked feature, and as the ventricle recovers its speed it generally assumes a sequence as noted-namely, every second, third, or fourth auricular contraction finds a ventricular response. Two facts in these incomplete blocks should be noted: (a) the ventricle ultimately assumes its normal rate, and (b) except just at first there is no auriculoventricular arhythmia. It seems as if the smallest piece of the tissue of the bundle left undivided can carry all the conductions required. As the results of many experiments involving sections of the right and left. branches separately, and their ramifications, it has become clear that no part of the bundle can be regarded as supplying any definite part of either ventricle. Even the two divisions of the bundle cannot be distributed entirely to their respective halves, since the most careful and complete section of one branch produces no block of its half. Cohn and Trendelenberg state that in some cases (cats and dogs), they were able to sever the right branch of the bundle, leaving the left intact, when they saw the auricular contraction pass to the right ventricle through the intermediary of the left ventricle.
The incomplete block might be explained by supposing that each incision causes some vagal stimulation, and that as this excitation disappears the ventricles gradually assume the normal rhythm. Against this view it may be stated that the ventricles only very slowly assumre their normal, rhythm, it may not be until after a period of an hour. The effect, however, cannot be vagal in origin, since it may be produced at a time when the vagal endings are paralysed by atropine. If the bundle be secti6ned so as to produce complete standstill of the ventricle, and a large dose of atropine be then sent through the heart, the effect is in no way influenced, and yet such a dose must have paralysed the vagus, even in the rabbit, since muscarine is now found to have lost its inhibitory action on the auricles. Furthermore, if the heart be perfused continuously with a dilute solution of atropine in Ringer 0 001 per cent., an amount quite sufficient to annul any muscarine action, section of the bundle still produces all the effects which have been described. If the cardiac muscle be depressed by such a drug as potassium chloride or chloral hydrate, partial section of the bundle during the period of depression is almost without effect, a fact which suggests that these drugs act upon this specialized muscle before the ordinary musculature of the heart. If a dose of atropine be given, so large as not only to paralyse the vagi, but to depress cardiac muscle, the same result obtains, that is, during the depression partial section is without effect or rhythm; but as the cardiac systole becomes stronger the effect of partial sections returns, and at a time when the vagi are still paralysed. It must be accepted, then, that the action cannot be of vagal origin, and this will be made quite evident after consideration of the effects of complete section of the bundle. It is desirable, however, to draw particular attention to these partial sections, as until one is skilled in cutting at the exact spot they are so easy to produce, and with the smallest shred of bundle remaining intact some conduction occurs and block is incomplete.
If a needle be inserted into an actively beating heart in the position of the auriculo-ventricular bundle before it divides, one of the commonest effects is to obtain temporary cessation of the ventricular beat in precisely the same way and identical with a partial section of the bundle. Recovery is gradual, and generally complete in from two to ten minutes, and the effect may be repeated an indefinite number of times, and can be obtained after large amounts of atropine have been given. Kronecker and Schmey [17] found that puncture of a certain point in the interventricular septum stopped the beat of the ventricle. This fact is urged by Kronecker in support of the neurogenic hypothesis of the heart-beat. The only point in the interventricular septum which causes this effect so far as could be ascertaited was the auriculo-ventricular bundle before division. A puncture of this nature must injure some of the muscle-fibres, and it is evident that this fact alone affords no crucial evidence one way or the other as to the origin of the heart-beat.
COMPLETE SECTION OF THE BUNDLE.
When the bundle is properly incia1 high up before division, so soon as the section is complete the ventricle, after two or three irregular contractions, ceases to beat and remains relaxed and quiescent for a time, varying from three minutes to the end of the experiment two or three hours later. In the latter cases the ventricles respond to mechanical or electrical stimulation, but remain quiescent in the absence of these. In the vast majority of cases, however, after an interval of thirty minutes from the time of section of the auriculoventricular bundle, the ventricles have assumed a rhythm of their own, much slower than that of the auricles, but showing no form of sequence with them. The independent ventricular rate is commonly from three to five times slower than the normnal heart-beat as shown by contractions of the auricle. In a few cases after such section the ventricular beat quickened to such an extent that its rate became more than half that of the auricles, but in no case was there any form of sequence between the two chainbers.
Not infrequently after complete section of the bundle, and when the ventricles had commenced to beat again and assumed an independent rhythm Qf their own, reversed conduction occurred. Sometimes nearly every contraction of the ventricle was followed by an auricular extra systole, and when the ventricle failed to cause such a systole, the contraction occurred in the auricular refractory period. Biggs stated he had also observed this effect, but Erlanger and Hirschfelder [6] assert that after complete heart-block such conduction never occurs, and Fredericq and Hering [8] state that in heart-block spontaneous extra systoles do not pass to the auricle.
Attempts were made to block conduction by the application of a. 5 per cent. solution of cocaine directly to the bundle. This was done by soaking the cocaine on cotton-wool and applying with forceps. No appreciable effect was obtained which could be computed to an action on the bundle, although any nerve-fibrils with which the cocaine came in contact would certainly have been paralysed. Another point upon which some observations were taken was the interval between the beat of the auricle and ventricle (As-Vs interval). Biggs, working on the rabbit, stated that section of the bundle lengthened this period, and Hering [10] states that destruction of the sino-auricular node leads to a diminution of the interval. In these experiments it was found that after an incomplete section of the auriculo-ventricular bundle this interval was alvways increased, but that recovery was the rule. Thus in one experiment when the ventricular beats were reduced to onefourth those of the auricular as the result of such a section, it was estimated that the auriculo-ventricular interval occupied about onefourth of the total cardiac cycle, whilst in the normal rabbit it does not occupy more than one-seventh. After ten minutes the interval had assumed its normal measurement.
From the region of the bundle a fine white line may be seen running outwards on the auricular septum between the superior and inferior vena cava. Section of this line, which is generally easy to see, causes in most cases the auricles to cease beating for a varying time, from about thirty seconds to two minutes, whilst the ventricles continue to beat to their normal rate. Recovery, when once the auricle makes a beat, is very rapid, and arhytbmia is never present at any period, that is to say, each recorded auricular beat occupies its proper position in the cardiac cycle. The effect looks very like an inhibition, and microscopical section of the white line shows that it is composed largely of large cells, probably nerve.
The sino-auricular node has been regarded as a centre dominating the rhythm of the heart [7] ; if such be the case, it is difficult to see why its destruction does not decidedly influence the rhythnm [13] . Lewis and his colleagues [15] explain this by the suggestion that " if the original pacemaker is destroyed it is probable that another portion of the auricle assumes this function without an appreciable change in rate or rhythm." These observers show that the point of primary negativity on the superficies of the right auricle lies superficial to the sino-auricular node. Erlanger [4] from experiments on the cat's isolated auricular strip has shown that rhythmicity is not dependent upon the presence of nodal tissue. In view of these facts it is unnecessary to assume that the sino-auricular node exerts any effect on rhythm other than can be induced by the nerves, vagus and sympathetic, which enter the heart in the vicinity.
The ventricular beat may be quite independent of the main auricular contraction, since after section of the white line the ventricular beat is unchanged, whilst the auricular ceases so far as can be ascertained by naked-eye observation; and the auricular beat may be quite independent of the ventricular, since section of the auriculo-ventricular bundle leaves the auricular beat unchanged, whilst the ventricle may cease to beat. The one and only point in our experiments in which the chambers of the heart seem to be correlated is in the auriculo-ventricular node.
It is clear, then, that section of the auriculo-ventricular bundle results in heart-block, and, my view is that this is not so much I)ecause the auricular peristaltic contractions are unable to reach the ventricle, as because the ventricle is separated from that portion of the interauricular septum in which lies its centre of rhythm.
THE EFFECT OF STIMULATION OF THE BUNDLE.
No observations apart from those of Miss Cullis and myself have been recorded as to the effect of stimulating the bundle of His. The present experiments were made with electrical, chemical, and thermal stimnulants. For the electrical experiments electrodes were made of two fine (No. 20) entomology pins; these were passed through a small cube of cork and made firm with wax and elastic glue. They were so small and light that they could easily be placed in any portion of the rabbit's heart and remain fixed, so that it was possible at any moment to pass a tetanizing current through the tissue they enclosed.
If these electrodes be placed in the auriculo-ventricular bundle before division and a faradic bundle be passed through with the secondary coil at 8 cm. or 10 cm., the first and most noticeable feature is marked acceleration of the ventricular heart-beat. If auricle and ventricle are beating synchronously and well, when the current is passed the ventricular rate becomes much increased, relaxation in diastole is hardly apparent, so that the heart is in a condition of tonus and its movements are much too rapid for precise record on smoked paper. The condition closely resembled that of the " delirium cordis " seen in the last stage of digitalis poisoning. The rate of the auricular beat is increased also, but so far as one could judge with the naked eye, the acceleration of the auricle is far behind that of the ventricle. This effect on the auricle is not constant; quite often whilst the ventricle gives the typical result the auricle may be slowed, or may show a series of changes of alternating acceleration and inhibition.
After complete section of the bundle and after a sufficient time has been allowed to elapse (one or two hours) to allow the ventricle to attain its independent rhythm, the same stimulation with the electrodes produces the same effect on the ventricles as before. The effect on the auricular mnovements when stimulation is applied below the section is usually to cause some slowing. The explanation of these varying effects on the auricular beat is probably furnished by the following series of records fromn one experiment. In the first place a stimulation of the bundle was effected with the secondary coil at 7 cm. The ventricle entered into a tonic contraction as before and the auricular beats were slowed. The electrodes were left in situ and were not moved throughout this experiment. Atropine was now slowly allowed to pass through the coronary-vessels, in all 20 mg. This caused a temporary diminution of force of the ventricular contraction; so soon as this had passed the bundle was again stimulated and the ventricular effect was precisely as before, but acceleration of the auricles also was now a marked feature, suggesting that the slowing noted in the first instance was probably vagal in origin. In every case in which slowing of the auricular movements followed stimulation of the bundle, the administration of atropine converted this into acceleration. The bundle was now cut through above the electrodes but without interfering with them. About half an hour was allowed to elapse for the ventricle to attain its own rhythm and stimulation was again resorted to. The ventricular effect remains typical whilst the auricular beat is not very decidedly affected. It seems, then, that stimulation of the bundle with a weak current causes acceleration of both the auricles and ventricles. As the current is strengthened the diastolic pause of the ventricle becomes less and less and the heart remains in a state of tonic contraction. The effect on the auricle is less marked, and is sometimes masked by vagal action.
The objection to all such forms of stimuli is the leakage of current which must occur into the surrounding tissues; but although by this means of stimulation it is impossible to avoid such leakage, it can yet be shown that stimulation of other parts of the heart, with the exception of the interventricular septum, is without action of this kind. Thus if the electrodes be placed on the outer wall of the heart or on a portion of the cut ventricles the same strength of current has very little effect on the heart-beat, but if the electrode be placed anywhere along the known distribution of the bundle, as in the ventricular septum, an effect is obtained of the same nature as that occurring when the bundle is excited before its division, except that it is less pronounced. Roughly speaking, the further the electrodes are moved from the origin of the bundle the smaller the result obtained. I believe that these effects are true bundle excitations, because they only occur with intensity when the bundle is stimulated before its division, and because as the electrodes are moved downwards on the septum, that is, as the bundle ramifies on the septum, the effect becomes less and less pronounced. Where the bundle does not exist electrical stimulation is without this action. It is obviously necessary, however, to obtain a more suitable formn of stimulus.
Therapeutical and Pharmacological Section.
Heat yielded very unsatisfactory results, but chemical stimuli accurately applied to one spot afforded complete verification of the results obtained by the electrical method. Of these chemical suibstances a hard crystal of rock salt of a suitable size gave the best effects. In one experiment, commenced an hour after section of the bundle and with the ventricle beating only about one-eighth the rate of the auricle, a crystal of common salt applied to the cut edge of the ventricle produced very little effect. The crystal was then applied to about the centre of the ventricular septum; it caused some distinct acceleration whilst the salt was in apposition, followed as soon as it was removed by inhibition of the ventricular heat. When, however, the salt was applied to the bundle at the point of section, very marked quickening at once followed and the tonus of the heart was increased; the effect in every way corresponded with that already described as caused by the faradic current. Moreover, when the salt was removed the heart continued to beat regularly for a time varying generally from five to ten minutes, before it resumed the slow beat of its pre-stimulation condition. By further applications of salt the effect can be repeated an indefinite number of times. Each period of stimulation of the bundle resulting in acceleration of the heart is followed by a period of inhibition.
Other chemical stimulants besides common salt were used, though for most purposes salt was found the most satisfactory. Most of the soluble ionizable salts of potassium, sodium, lithium, and ammoniurn were effective stimulants. The acids also acted quite efficiently; calcium salts, on the other hand, had no stimulant action. It was noticed that atropine, after doses so large as to depress and weaken the cardiac.& muscle, and, of course, to eliminate completely the effect of muscarine, modified the effect of stimulation. Whilst the heart is depressed stimulation of the bundle produces less effect than normally, but as soon as the cardiac systole approaches its nornial contraction stimulation by chemicals exerts the usual effects.
Whilst the heart is depressed by drugs, such as chloroform, chloral, or potash salts, as shown by the weakened ventricular systole, the bundle. of His loses its characteristic features. As already pointed out, partial section no longer causes partial heart-block, and excitation, by either chemicals or electricity, is without influence on the beat. These facts suggest that such cardiac depressants produce their effects largely upon the tissues of the bundle; in any case this tissue is profoundly affected.
It might be suggested that the effects of the excitation described are not muscular but nervous in origin. As regards nerve-cells this supposition was put to the test by the direct application of a solution of nicotine to the bundle. If the stimulant effects produced by electrical and chemical agencies had their origin in nerve-cells the application of the nicotine should result in the same effect.
If a 1 per cent. solution of nicotine be applied on a piece of cottonwool to the bundle no effect is to be observed for some time, often for a minute or two. Occasionally, however, there may be some immediate inhibition of both the auricles and ventricles, an effect which suggests excitation of vagal nerve-cells, a supposition which we regard as valid, since.such initial inhibition is not obtainable after a suitable administration of atropine. Whether, however, there be initial inhibition or not, after a time (two or three minutes) the heart begins to quicken, and very soon an effect is obtained, both as regards acceleration and increase in force of beat, comparable with that of adrenalin.
This effect can hardly be brought about in the same way as by direct stimulation of the bundle by rock salt, for several reasons. If the bundle contained nerve-cells upon which the nicotine acted, the effect should be immediate, and should slowly cease when the nicotine was withdrawn, as in the case of salt. Nicotine perfused through the isolated heart produces an effect precisely of the same nature as that described when it is applied locally, and this makes it almost certain that the apparent local effect is in reality the specific action after absorption. The fact, however, appears to be clear that the effect of stimulation of the bundle with chemicals is a muscle and not a nerve effect, because the stinmulation is only brought about by muscle stimulants, and because the nerve-cell excitants are without effect until after sufficient delay for absorption to occur.
It may be noted here that the effect of perfusing nicotine through the isolated heart has not been recorded. If the heart contains no sympathetic nerve-cells, as is generally supposed, how is the marked acceleration and increased force of the beat to be accounted for? Langley clearly showed that no sympathetic cells were present in the heart directly associated with the accelerator nerves. Yet nicotine produces an action exactly corresponding with such a sympathetic stimulation that is an adrenalin type of action, and this effect is still produced, though to a much smaller degree, after the administration of atropine. Langley and Dickinson [18] note that the second and later applications of nicotine to the frog's heart not infrequently cause quickening of the beat. The nature of these cells therefore obviously demands attention. Roy and Adanmi [24] showed that in certain con-ditions stimulation of the vago-sympathetic in the neck of dogs. caused a marked increase in force of contraction of the auricle and ventricle, sometimes associated with acceleration. Dale and Laidlaw [3] have recently obtained similar results. We believe, then, by a process of elimination that it must be the nerve-cells connected with these fibres upon which the nicotine exerts its specific action. Another possible explanation, which is indeed supported by some facts, is that the action of nicotine is not confined to the nerve-cell, but that it extends some distance down the neurone.
THE EF-FECT OF SOME DRUGS. Adrenalin.-Adrenalin administered to an actively beating heart after complete section of the bundle still causes its typical action. Both the auricles and ventricles beat more rapidly and more vigorously, but both these effects are much more pronounced in the auricles than in the ventricles. The auriculo-ventricular arhythmia is, of course, not influenced. Some experiments with aconitine were made by painting a solution on the bundle, and they afford some probability that this alkaloid, which it is well known causes death in mammals by sending the heart into delirium, acts directly on the special muscle contained in the bundle. It must be noted that a relatively small amount of any substance in solution when applied on a piece of cotton-wool and held against the auriculo-ventricular bundle is in time absorbed into the coronary circulation and causes the specific effects. We have obtained evidence that several poisons to the heart, such as cocaine, can be applied even in strong solution to the muscle in the manner named without appreciably affecting the beat, whilst if even a trace is injected into the coronary circulation the heart ceases to beat. It seems valid, then, to assume that if the direct application of aconitine to the bundle causes a typical action of the drug relatively rapidly, whilst the similar application to the cut wall of the ventricle is without effect, within the same limits of time, the action is likely to be upon this specialized muscle of the bundle.
Such an application of aconitine to the auriculo-ventricular bundle we have found causes a very marked effect, commencing with acceleration of both auricles and ventricles, followed by complete arhythmia, with often the appearance of reversed conduction. The evidence, however, that this is not the result of absorption is not conclusive.
DIscuSSION OF RESULTS.
The power of rhythmical contraction is an inherent property of all plain muscle, including isolated strips of cardiac muscle and isolated rings of arteries. The intact perfused isolated heart exhibits a rhythm different from the rhythm inherent to isolated strips of cardiac muscle, mainly in that it is much mnore rapid.
One point from which this augmented rate of rhythm appears to be initiated is somewhere in the region of the auriculo-ventricular node, and the impulses to the ventricle are communicated by the musclefibres contained in the auriculo-ventricular bundle. The experiments of Paukul (1909), who believed that he had ligatured the auriculoventricular bundle completely without obtaining heart-block, are the only serious objections to the hypothesis that this bundle is the means of conduction between auricles and ventricles. These experiments and those of Cohn and Trendelenberg are at variance with those of Paukul; when the bundle has been completely divided before its bifurcation, complete heart-block has also been observed. The muscle forming this bundle is very sensitive to stimulation and chemical reagents. This easy stimulation cannot be due to the presence of nerve elements for reasons we have already stated, but, on the contrary, it shows all the characteristics of muscle conduction. Nervecell stimulants are without effect upon this tissue. Muscle poisons, on the contrary, very easily influence it. Thus the effects of stimulating the bundle either by electricity or salts are absent when the heart is depressed with chloroform, chloral, or potash salts, drugs which, in the doses concerned, are recognized as affecting muscle only and not nervous structures. It seems clear, then, that conduction from the auricles to the vehtricles occurs through the muscular tissue of this bundle.
It is generally accepted that it is the auricular contraction which starts the wave of contraction in mnammals, and that this wave meets with a resistance at the auriculo-ventricular groove. These experiments suggest the possibility that both auricles and ventricles may possess a common centre for rhythm, and that the ventricles may exhibit a perfectly normal beat when the auricles are apparently quiescent; this cessation of the auricular beat may be induced either by section of the white line, or in some cases by clamping the right and left auricular appendices (Kronecker) . The evidence is not clear whether in these cases auricular standstill is or is not nervous, but whatever the cause the fact remains. Gaskell argues, in the case of cold-blooded animals, that because the auricular beat is not easily seen that does not prove its absence, and that if the auricles be properly examined small beats can be observed. But whether this be so or not in mammals, and we have some reason to believe that during auricular standstill the interauricular septum is contracting, it is clear that the ventricular contraction can be independent of the main auricular contraotion. One explanation of the facts is the assumption of a common centre of rhythm. This centre is situated in the auricular septum just above the attachment of the mesial segment of the tricuspid valve, at the region known as the node of Tawara, which is connected with the auricle within the auricular walls by a network of special muscle-fibres spreading out from the node, and with the ventricle by the bundle of His.
The cause of the reversed conduction which may occur after complete section of the bundle suggests that other means of conduction between the auricles and ventricles are available besides those of the auriculo-ventricular bundle. Another explanation may, however, be offered to account for the fact. We have noted that after complete section of the auriculo-ventricular bundle the auricles may exhibit an increased irritability, so that the mere contraction of the ventricle may cause a sufficient mechanical jar to the auricle to induce a contraction. In more than one experiment every ventricular contraction has been followed by a regular auricular contraction, except when the contraction of the ventricle occurred in the auricular refractory period. We have not at present the data to decide upon the cause of this phenomenon.
CONCLUSIONS.
(1) Incomplete section of the bundle of His causes partial heartblock generally without arhythmia and with complete recovery. The effect is quite independent of the vagus.
(2) The smallest portion of bundle tissue left undivided can carry all the conduction necessary for a normal ventricular rhythm. In the rabbit it is not possible to produce block in one ventricle by complete section of one division of the bundle.
(3) Complete section of the bundle causes complete heart-block and after an hour or two in most cases the ventricle assumes its own independent rhythm three or four times slower than that of the auricle.
(4) Kronecker and Schmey's effect is explained by injury to the auriculo-ventricular bundle. (5) In complete heart-block reversed conduction sometimes occurs.
Dixoiq: Auriculo-ventricular Bundle (6) The As-Vs interval is found to be increased after partial section of the auriculo-ventricular bundle. (7) The auricles as a whole naay be made to cease beating without effecting the ventricular rhythm, suggesting that the ventricular beat is not a simple conduction from the auricular contraction as a whole but that the effective beat is started from a specialized portion of the auricle.
(8) Stimulation of the bundle with electricity or salts causes a tetanus: this effect is marked with the stimulus applied to the bundle, is much less pronounced on the septum and on the course of distribution of the bundle, and is absent on the body of the heart or the cut edge of the ventricle.
(9) Reasons are given for believing (a) that conduction by the bundle is -myogenic, (b) that the auriculo-ventricular node is the one point essential for the production of the ventricular rhythm.
DISCUSSION.
Dr. T. LEWIS said the Section was much indebted to Professor Dixon for his interesting paper. In his paper Dr. Dixon spoke of opening the right ventricle of the rabbit, but showed a diagram of the inside of the left ventricle.
So that he (Dr. Lewis) was not quite certain what route had been employed in the investigation of the bundle. [Professor DIXON: The right ventricle was opened.] Dr. Lewis, continuing, referred to section of the bundle and stated that much work had been done on the question; and that the observations on the heart, with the exception of the rabbit's heart, had been very uniform. The conclusion had been that it was the sole path of conduction from auricle to ventricle, and that when it.was cut completely, transmission of impulses from the auricle to the ventricle ceased absolutely. Another series of investigations by the Berne school, headed by Kronecker, had been undertaken, and they had been almost confined to the rabbit. They had been contradictory to the general run of others. Kronecker and his pupils (Imchanitzky, Busch, and Paukul) had stated that complete section of the bundle in the rabbit did not produce auriculo-ventricular dissociation-i.e., impulses were still transmitted. Consequently it had become of great importance that the matter should be reinvestigated. It was re-investigated by Cohn and Trendelenberg, wbose results differed from those of the Berne school, for they found that complete section of the bundle in the rabbit gave rise to the expected results, results with which Professor Dixon's observatious were in accord. The important point was that the results of the Berne school had been criticized, in that, with the exception of Paukul's work, serial sections had not been cut, and that in the instance of Paukul the sections had not been cut in the usual direction; they had not shown that they had cut the bundle completely, but they had been largely guided by the results. The first criticism he would offer of Dr. Dixon's results was therefore that they would have been more valuable if serial sections had been made of the bundles and nodes subsequently to the production of the lesions. The bundle in the rabbit was a very fine structure, which he believed could not have been seen properly with the naked eye; it was sufficiently difficult to follow in the larger mammalia. Dr. Dixon said that if the smallest shred of bundle was left when a section was made in its neighbourhood, conductioin was ultimately restored. He (the speaker) felt that Dr. Dixon was not justified in this conclusion, for serial sections of the bundles had not been obtained subsequently to show that only a shred remained. The same criticism applied to his results of stimulation. If one pushed electrodes into the heart at the point where it was believed the bundle or the node was, or placed a crystal of rock salt in the same region, one should subsequently confirm the locality stimulated by cutting sections to see whether the bundle or node was there. With regard to retrograde contraction subsequent to bundle section and the production of dissociation, it was difficult to explain, as Dr. Dixon had said. Biggs stated that he obtained precisely similar results. It was at variance with the observations which had been made on the dog's heart by several observers, and at variance with the observations which Oppenheimer and he had made on the cat's heart. It was found in asphyxial heart-block in this animal that if there was even a small impairment or conduction from above downwards, the impairment of conduction from below upwards was absolute. With regard to the experiment on the white line, he did not feel inclined to make remarks about it without seeing the full protocols of such experiments. With regard to the pacemaker of the heart, Dr. Dixon appeared to regard the auriculoventricular node as having some special control of the origin of the heart-beat. He (the speaker) did not think that was a position which could be held to-day, in view of the evidence which had been accumulated. Destruction of the auriculoventricular node had no more influence, in fact it had less influence, upon the ultimate rhythm of the auricle than had destruction of the sino-auricular node. That was known from numerous pathological observations, in which it had been shown that the node was destroyed while the auricular rhythm continued in normal fashion. At the sino-auricular node the contraction certainly started, as he believed Dr. Dixon was prepared to admit, and the experiments in which damage had been done to the node had been numerous. There was considerable evidence that the heart-beat did not originate in the ring tissues, or in the neighbourhood of the auriculo-ventricular node. The experiments of Jaeger, which Dr. Dixon referred to, could only be described as clumsy. They consisted of the application of a cautery to the superficies of the auricle, an experiment which he did not-think was justified upon a heart; reliable conclusions could not be based upon a heart burnt in that way. The burns were very extensive. Jaeger performed sixty experiments, and there were positive results in only thirteen. Opposed to these results were those of Hering and Lommel; both these workers found that formalin applied to the node abolished the normal rhythm, which then originated in the neighbourhood of the ring tissues. Recently there had been observations from Cohn and Kessel. They used the perfused heart, and had made cuts on three sides on the sino-auricular node, but found no alteration in the rhythm. On cutting on the fourth side, in ten out of the fifteen cases they found there was a standstill of the whole heart. Of the remaining five experiments, in two there was considerable slowing of the heart, and referring to the remaining three, they stated their opinion that the whole of the node was not excised. The full particulars containing their histological examinations were not yet to hand.
Professor DIXON, in reply, said he agreed with much of what Dr. Lewis said. In the dissections of the bundle, it was of course desirable that microscopical examination should be carried out afterwards. That was not done in these cases; all that he was content to do was to examine the bundle with a magnifying glass afterwards, and he believed he was able to satisfy himself as to the portion which had been cut. The same remark applied to the criticism concerning the position of the salt, and he did not regard it as a valid criticism, beeause the sd%lt could be put to a nicety in that one position, and an effect was
